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6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH,QWHUQHW9LVLRQ1HW¶
,PDJH'HQRLVLQJE\)RXULHUEORFNSURFHVVLQJDQG:LHQHUILOWHULQJ
1DYHHQ6D$LVZDU\D9$D
D/%6,QVWLWXWHRI7HFKQRORJ\IRUZRPHQ3RRMDSSXUD7KLUXYDQDQWKDSXUDP,QGLD
E/%6,QVWLWXWHRI7HFKQRORJ\IRUZRPHQ3RRMDSSXUD7KLUXYDQDQWKDSXUDP,QGLD
$EVWUDFW
7KH SXUSRVH RI LPDJH GHQRLVLQJ LV WR JHW D FOHDU YHUVLRQRI D QRLV\ LPDJH$OWKRXJK WKH FXUUHQW GHQRLVLQJPHWKRGV SURGXFH
DFFHSWDEOH UHVXOWV WKH\ VXIIHU IURP FHUWDLQ YLVLEOH DUWLIDFWV :H SURSRVH D PHWKRG IRU LPDJH GHQRLVLQJ ZKLFK FDQ EH
LPSOHPHQWHGLQERWKVSDWLDODQGVSHFWUDOGRPDLQV:HRIIHUDQLPDJHGHQRLVLQJPHWKRGEDVHGRQEORFNSURFHVVLQJDQGZLHQHU
ILOWHULQJ7KH H[SHULPHQWDO UHVXOWVGHPRQVWUDWH WKDW WKLV DOJRULWKPDFKLHYHVJRRGSHUIRUPDQFH LQ WHUPVRIERWKSHDNVLJQDO WR
QRLVHUDWLR3615DQGYLVXDOTXDOLW\

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH
,QWHUQHW9LVLRQ1HW¶
.H\ZRUGV,PDJHGHQRLVLQJEORFNSURFHVVLQJ:LHQHUILOWHULQJ
,QWURGXFWLRQ
7KHUHDUHSOHQW\RIGHQRLVLQJPHWKRGVIURPYDULRXVGLVFLSOLQHVVXFKDVVWDWLVWLFVOLQHDUDQGQRQOLQHDUILOWHULQJ
VSHFWUDO DQGPXOWLUHVROXWLRQ DQDO\VLV 7KH LPDJHVPD\ JHW FRQWDPLQDWHG WKURXJK DQDORJ SURFHVV GXULQJ WUDQVSRUW
RYHUDQDORJPHGLD7KHPRVWFRPPRQDVVXPSWLRQLVWKDWWKHQRLVHLV$GGLWLYH:KLWH*DXVVLDQ1RLVH$:*1DQG
DOVRWKHQRLVHLVVWDWLRQDU\DQGXQFRUUHODWHGDPRQJSL[HOV7KHFXUUHQWPHWKRGXVHGWRGHQRLVHDQLPDJH LV%ORFN
0DWFKLQJZLWK'ILOWHULQJ%0'>@1DWXUDO LPDJHGHQRLVLQJ>@VKRZV WKDW%0'LVFORVH WR WKH WKHRUHWLFDO
OLPLW RI GHQRLVLQJ EXW V\QWKHWLF DQG KLJKO\ FRUUHODWHG LPDJHV VWLOO QHHG LPSURYHPHQW 'XDO 'RPDLQ ,PDJH
'HQRLVLQJ '','SURSRVHGE\.QDXVDQG=ZLFNHUGHPRQVWUDWHG WKDW VLPSOHDOJRULWKPFDQDFKLHYHKLJKTXDOLW\
UHVXOWV>@:HSURSRVHDPHWKRGE\ZKLFKWKHQRLV\LPDJHLVGHQRLVHGE\ILOWHULQJERWKVSDWLDODQGVSHFWUDOGRPDLQ


&RUUHVSRQGLQJDXWKRU
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+HUHZHXVHELODWHUDO ILOWHULQVSDWLDOGRPDLQDQG%ORFN'LVFUHWH)RXULHU7UDQVIRUP%ORFN')7LQIUHTXHQF\
GRPDLQ:LHQHUILOWHU LVXVHG WRVKULQN WKH WUDQVIRUPFRHIILFLHQWV2XUPHWKRGZRUNVZHOO IRUFRORXU LPDJHVDOVR
)RUFRORXULPDJHVEORFN')7LVDSSOLHGRQHDFKFRORXUFKDQQHO7KLVPHWKRGSURGXFHVKLJKTXDOLW\UHVXOWVLQWHUPV
RI SHDNVLJQDO WR QRLVH UDWLR 3615 DQG YLVXDO TXDOLW\ 7KH SDSHU LV RUJDQL]HG DV IROORZV 5HYLHZ WKH H[LVWLQJ
PHWKRGV IRU LPDJH GHQRLVLQJ LV JLYHQ LQ VHFWLRQ  6HFWLRQ  H[SODLQV WKH SURSRVHG LPDJH GHQRLVLQJ DOJRULWKP
6HFWLRQGHDOVZLWKWKHUHVXOWVDQGGLVFXVVLRQIROORZHGE\FRQFOXVLRQ
5HODWHG:RUNV
7KHVWDWHRIWKHDUWGHQRLVLQJPHWKRGLVKHOGE\%ORFN0DWFKLQJZLWK'ILOWHULQJ%0'>@>@,WLVEDVHG
RQDQHQKDQFHGVSDUVHUHSUHVHQWDWLRQLQWUDQVIRUPGRPDLQ7KHHQKDQFHPHQWRIVSDUVLW\LVDFKLHYHGE\VWDFNLQJWKH
FROOHFWHG VLPLODU SDWFKHVRQ WRSRI HDFKRWKHU 'ZDYHOHW VKULQNDJH LV XVHG WRGHQRLVH WKHVH' VWDFNV%0'
6$3&$>@LVDQLPSURYHGYHUVLRQRI%0'PRGLILHVWKHSDWFKHVE\SRO\JRQDOVKDSHPDVNVDQGSHUIRUPVD3&$WR
ILQGVSDUVHUHSUHVHQWDWLRQRISDWFKHV1RQORFDO%D\HV1/%>@XVHVPDWUL[LQYHUVLRQIRUVROYLQJWKHPRVWOLNHO\
SDWFKHV )RU FRORXU LPDJHV 1/% LV EHWWHU WKDQ %0'  'XDO 'RPDLQ ,PDJH 'HQRLVLQJ '',' >@ RSHUDWHV LQ
VSDWLDOGRPDLQDQGWUDQVIRUPGRPDLQ%LODWHUDOILOWHUDQGQRQORFDOPHDQVILOWHUDUHXVHGLQVSDWLDOGRPDLQWRGHILQH
ILOWHU NHUQHO 7KH\ SUHVHUYH IHDWXUHV OLNH HGJH EXW IDFH GLIILFXOWLHV LQ SUHVHUYLQJ ORZ FRQWUDVW GHWDLOV :DYHOHW
WKUHVKROGLQJDQGVKULQNDJHPHWKRGVRSHUDWH LQ WUDQVIRUPGRPDLQDQGH[FHO LQSUHVHUYLQJ WH[WXUHVEXW WKH\VXIIHU
IURPDUWLIDFWVQHDUHGJHV0RUHRYHU'','LVDQLWHUDWHGDQGJXLGHGPHWKRGZKLFKSURGXFHVUHVXOWVFRPSHWLWLYHZLWK
%0'3URJUHVVLYH,PDJHGHQRLVLQJ3,'>@LVDGHQRLVLQJPHWKRGGHULYHGIURP'','3,'GLIIHUHQWLDWHVLWVHOI
E\DOORZLQJ LWHUDWLRQXVLQJDUELWUDU\ ILQH WLPHVWHSVDQGE\DYRLGLQJGLVWLQFWLRQEHWZHHQQRLV\DQGJXLGH LPDJHV
3,'DOVRLQVSLUHGE\GHWHUPLQLVWLFDQQHDOLQJ'$>@DQGVLPXODWHGDQQHDOLQJ6$>@'$DQG6$DUHVXLWHGIRU
FRPSOH[RSWLPL]DWLRQSUREOHPVZLWKSULRULXQNQRZQJOREDOHQHUJ\
2XUPHWKRGLVLQVSLUHGIURP'XDO'RPDLQ,PDJH'HQRLVLQJ'','>@DQG3URJUHVVLYH,PDJH'HQRLVLQJ3,'
>@:HSHUIRUPILOWHULQJRSHUDWLRQERWKLQVSDWLDODQGWUDQVIRUPGRPDLQV,QVSDWLDOGRPDLQELODWHUDONHUQHOLVXVHG
,QIUHTXHQF\GRPDLQWKHILOWHULQJRSHUDWLRQLVHQKDQFHGE\EORFN')7DQG:LHQHUILOWHULQJ2XUPHWKRGZRUNVZHOO
IRUFRORXULPDJHVDOVR,QWKHFDVHRIFRORXULPDJHVLQVWHDGRIEORFN')7EORFN'&7FDQEHDSSOLHG
'HQRLVLQJE\)RXULHUEORFNSURFHVVLQJDQG:LHQHUILOWHULQJ
2XUGHQRLVLQJPHWKRGLVLPSOHPHQWHGXVLQJDVLPSOHILOWHULQJVFKHPH7KHWDVNLVWRGHFRPSRVHWKHQRLV\VLJQDO
µ\¶LQWRLWVRULJLQDOVLJQDOµ[¶DQGQRLVHLQVWDQFHµQ¶DV

\ [Q 

7KHQRLVHLVµQ¶DVVXPHGWREH*DXVVLDQDQGKDVYDULDQFHɐଶ 9DUሾሿ:HVHSDUDWHWKHLQSXWQRLV\LPDJHLQWR
WZROD\HUVKLJKFRQWUDVW OD\HUDQG ORZFRQWUDVW OD\HU%LODWHUDO ILOWHU LVXVHG WRGHQRLVH WKHKLJKFRQWUDVW OD\HU LQ
VSDWLDOGRPDLQ7KHORZFRQWUDVWOD\HURIWKHUHVLGXDOLPDJHLVGHQRLVHGE\VKULQNLQJWUDQVIRUPFRHIILFLHQWVXVLQJ
:LHQHUILOWHULQJ7KHRULJLQDOLPDJHLVWKHVXPRIWKHVHWZRGHQRLVHGOD\HUV

[ ݏǁ ሚܵ 

%LODWHUDO ILOWHU SURWHFWV ODUJH DPSOLWXGHV DQGZDYHOHW VKULQNLQJGLVFDUGV VPDOOHU DPSOLWXGHV DQG WKXVGHQRLVLQJ
RSHUDWHVEHWZHHQWKHVHWZRDPSOLWXGHV
6SDWLDO'RPDLQSURFHVVLQJ
:HFRQVLGHUDZLQGRZ୮RIUDGLXV UKDYLQJDGMDFHQWSL[HOVSDQGT%LODWHUDO ILOWHU >@ >@ >@XVHVDJXLGH
LPDJHJWRGHQRLVHWKHQRLV\ LPDJH\+HUHDELODWHUDOILOWHULVXVHGWRGHQRLVHERWKJXLGHDQGQRLV\LPDJHVWRJHW
KLJKFRQWUDVWYDOXHVDV
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
ZKHUHWKHELODWHUDONHUQHOLV 
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మ
ംೝ഑మ 

7KHJXLGHLPDJHLVDQRLVHOHVVLPDJHRIWKHFRUUHVSRQGLQJQRLV\LPDJH7KHSDUDPHWHUVɐୱDQGɀ୰DUHVKDSHDQG
UDQJHNHUQHOUHVSHFWLYHO\7KHORZFRQWUDVWYDOXHFDQEHIRXQGRXWE\VXEWUDFWLQJ୮෦DQG෤୮IURP୮DQG୮IROORZHG
E\PXOWLSOLFDWLRQZLWKUDQJHNHUQHO
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
)LJ)ORZFKDUWRIWKHSURSRVHGGHQRLVLQJDOJRULWKP
6SHFWUDO'RPDLQSURFHVVLQJ

%ORFNZLVH'LVFUHWH)RXULHU7UDQVIRUPLVDSSOLHGRQWKHORZFRQWUDVWVLJQDOVLQWKHIUHTXHQF\GRPDLQ\LHOGLQJ
WKH )RXULHU FRHIILFLHQWV
୮ǡ୤DQG୮ǡ୤IRU IUHTXHQF\ I:KHQ ZRUNLQJ ZLWK ODUJH LPDJHV QRUPDO LPDJH SURFHVVLQJ
WHFKQLTXHV FDQ VRPHWLPHV EUHDN GRZQ 7KH LPDJHV FDQ HLWKHU EH WRR ODUJH WR ORDG LQWRPHPRU\ RU HOVH FDQ EH
ORDGHGLQWRPHPRU\EXWWKHQEHWRRODUJHWRSURFHVV7RDYRLGWKHVHSUREOHPVZHFDQXVHEORFNSURFHVVLQJ
&RQVLGHUJXLGHLPDJHµJ¶DQGQRLV\LPDJHµ\¶
%LODWHUDOO\ILOWHUERWKJXLGHDQGQRLV\LPDJHV
WRJHWKLJKFRQWUDVWYDOXHV
6XEWUDFWKLJKFRQWUDVWYDOXHVIURPµJ¶DQGµ\¶
WRJHWORZFRQWUDVWYDOXHV
3HUIRUP')7WRHDFKEORFNRIWKHLPDJH
6KULQNWKHWUDQVIRUPFRHIILFLHQWVE\:LHQHU
ILOWHU
$SSO\LQYHUVH)RXULHUWUDQVIRUPWRHDFKEORFN
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,QEORFNSURFHVVLQJZLWK')7GLYLGHWKHLQSXWLPDJHLQWREORFNVRIVSHFLILHGVL]HDQGSURFHVVWKHPXVLQJWKH
IXQFWLRQ')7KDQGOHRQHEORFNDWDWLPHDQGWKHQDVVHPEOHVWKHUHVXOWLQWRWKHRXWSXW(DFKEORFNFRQWDLQV0URZV
DQG1FROXPQV1RLV\)RXULHUFRHIILFLHQWVRI୮ǡ୤LVVKUXQNE\PHDQVRI:LHQHUILOWHULQJ>@,WILOWHUVWKHLPDJH
XVLQJ SL[HOZLVH DGDSWLYH ILOWHULQJ XVLQJ QHLJKERXUKRRGV RI VL]H0 DQG1 WR HVWLPDWH WKH ORFDO LPDJH PHDQ DQG
VWDQGDUGGHYLDWLRQDQ:LHQHUILOWHULVWKH06(RSWLPDOVWDWLRQDU\OLQHDUILOWHUIRULPDJHVGHJUDGHGE\DGGLWLYHQRLVH
DQGEOXUULQJ&DOFXODWLRQRIWKH:LHQHUILOWHUUHTXLUHVWKHDVVXPSWLRQWKDWWKHVLJQDODQGQRLVHSURFHVVHVDUHVHFRQG
RUGHU VWDWLRQDU\7KH LPDJHVSHFWUXP LVHVWLPDWHGE\ WDNLQJ WKH'LVFUHWH)RXULHU7UDQVIRUPRI WKH LPDJHDQG WKH
:LHQHUILOWHU$ORZFRQWUDVWYDOXH෨୮RYHUWKHIUHTXHQF\GRPDLQ	୮LVREWDLQHGE\WDNLQJLQYHUVH')7RIWKHVKUXQN
FRHIILFLHQWV>@IRURQHEORFNDWDWLPHDQGDVVHPEOHVWKHVHLQWRRXWSXW
&RORXU,PDJHV
&RORXU LPDJHVDUHPDGHXSRIFRORXUFKDQQHOV 5*%ZKHUHDVJUD\ VFDOH LPDJHVFRQWDLQRQO\D VLQJOH
FRORXUFKDQQHO7KHFRORXULPDJHLVVSOLWXSLQWRFKDQQHOVRQHIRUHDFKRIWKH5HG*UHHQDQGEOXHFRPSRQHQWV
(DFKRI WKHVHFDQEHSURFHVVHGZLWKEORFN')7 LQGHSHQGHQWO\ ,QVWHDGRIEORFN')7SRLQW'LVFUHWH&RVLQH
7UDQVIRUP'&7FDQDOVREHXVHGE\FRQVLGHULQJHDFKEORFNDWDWLPH6LQFH'&7LVDXQLWDU\WUDQVIRUPDWLRQWKH
QRLVH YDULDQFHV UHPDLQ FRQVWDQW DQG XQFRUUHODWHG 7KH 3615 RI WKH UHVXOWLQJ LPDJHV RI WKHVH WZR PHWKRGV DUH
GLVFXVVHGLQWKHXSFRPLQJVHFWLRQV
5HVXOWVDQGGLVFXVVLRQV
,QWKLVVHFWLRQZHSUHVHQWDQGGLVFXVVWKHH[SHULPHQWDOUHVXOWVREWDLQHGE\WKHDOJRULWKP)LJXUHUHSUHVHQWVWKH
IORZFKDUWRIWKHSURSRVHGPHWKRG:LQGRZUDGLXVLVU DQGUHIHUHQFHVSDWLDOVLJPDɐୱ 7KHUDQJHVFDOHɀ୰ 
DQG IRU WKH VSDWLDO VFDOHɀୱ :HFRQVLGHUJUD\ VFDOH LPDJHRI VL]Hൈ7KH LPDJH LV DGGHGZLWK QRLVH
KDYLQJVWDQGDUGGHYLDWLRQɐ ൌ ʹͷDQG]HURPHDQ)RUEORFNSURFHVVLQJWKHUHTXLUHGIXQFWLRQ')7RU,')7>@LV
DSSOLHG RQ HDFK VSHFLILHG VL]H RI EORFN RQ WKH LPDJH 7KH VL]H RI WKH EORFNPD\ ൈ ͺǡൈ ͳ͸ǡͶͺ ൈ Ͷͺǡ ͸Ͷ ൈ
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